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Introduction 


Within  the  diving  community  sea  stories  have  persisted  for  years 
concerning  the  risks  associated  with  various  decompression  schedules. 

It  has  generally  been  accepted  that  the  decompression  schedule  for  the 
160  foot-30  minute  exposure  produces  a  high  incidence  of  decompression 
sickness.  The  current  statistical  support  for  this  and  other  similar 
assertions  is  weak  at  best,  and  at  the  time  they  were  originally  proposed 
it  was  nonexistent. 

The  anecdotal  information  that  is  the  basis  for  our  concern  with 
individual  decompression  schedules  has  served  the  purpose  of  focusing 
attention  on  decompression  safety.  It  has  made  fleet  personnel  aware 
of  the  risk  associated  with  decompression  even  when  the  U.S.  Navy  air 
decompression  schedules  are  accurately  followed.  Rather  than  basing 
this  safety  education  on  anecdotal  information,  however,  it  would  be 
better  to  have  the  actual  statistics.  Information  based  upon  actual 
data  is  much  more  effective  in  persuading  people  to  change  their  behavior. 

The  systematic  collection  and  analysis  of  diving  data  did  not  start 
until  the  Navy  Safety  Center  initiated  its  program  in  1970.  Even  today, 
however,  it  is  far  from  complete.  Many  shallow  working  dives  are  not 
recorded  and  the  data  on  other  dives  is  suspect  due  to  high  error  rates 
in  data  recording.  Despite  these  shortcomings  the  data  at  the  Navy 
Safety  Center  is  the  best  that  is  presently  available.  Although  we 
know  that  not  all  of  the  fleet  dives  are  recorded,  it  is  less  likely 
that  the  dives  requiring  decompression  are  omitted  than  it  is  for  the 
more  routine  shallow  "no-de"  dives.  Based  upon  this  naive  optimism 
the  authors  set  out  to  construct  a  risk  analysis  table  for  the  U.S.  Navy 
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Air  Decompression  Schedules.  The  objective  of  the  analysis  was  twofold: 

(1)  determination  of  the  risk  of  decompression  sickness  associated 
with  each  of  the  U.S.  Navy's  air  decompression  schedules,  and  (2) 
evaluation  of  the  impact  of  exposure  time  and  pressure  on  the  incidence 
of  decompression  sickness. 

Method 

Data  Description 

The  data  for  this  analysis  were  obtained  from  the  U.S.  Navy 
Safety  Center  in  Norfolk,  Virginia.  All  of  the  air  decompression  dives 
conducted  and  recorded  by  the  U.S.  Navy  during  the  period  between 
1  October  1971  and  30  November  1978  were  used  to  calculate  risk  statistics. 
For  each  dive  on  a  given  depth/time  schedule  the  following  information 
was  obtained: 


Dive  Log  Item 

Description 

21-24 

Decompression  Schedule  Depth 

25-28 

Decompression  Schedule  Time 

42-45 

Actual  Dive  Depth 

46-52 

Actual  Bottom  Time 

54 

Decompression  Schedule  Followed 

56 

Type  of  Work 

70 

Number  of  Dives 

51-53 

Bottom  Water  Temperature 

27 

Diving  Dress 

28 

Supplemental  Heat  Used 

54 

Dive  Outcome 

65 


Type  of  Accident 


Proposed  Analysis 

Using  the  data  Shown  on  page  2,  we  intended  to  construct  a  risk 
analysis  table  similar  to  the  following: 


Decompression 
Schedule  Used 

Conservative 

Use 

Designed 

Use 

Overextended 

Use 

Overall 

160/30 

RATE 

% 

RATE 

% 

RATE 

% 

RATE 

% 

0/400 

0 

1/300 

.33 

4/100 

4.0 

5/600 

.625 

The  dives  done  on  each  of  the  295  air  decompression  schedules  were  to 
be  evaluated  as  to  the  appropriateness  of  the  schedule  used.  A  three-category 
classification  was  to  be  employed  to  differentiate  the  risk  associated  with 
conservative,  designed,  and  overextended  use  of  the  schedules.  Assignment  of 
dives  to  a  given  category  was  to  be  based  upon  dive  depth,  bottom  time, 
exercise  level,  water  temperature,  and  the  use  of  supplemental  heat. 

Actual  Analysis 

Because  of  the  relatively  small  number  of  decompression  dives  done  in 
the  U.S.  Navy  and  the  high  incidence  of  recording  error,  it  became  apparent 
that  to  subdivide  the  fleet  dives  into  three  categories  would  remove  all  hope 
of  gleaning  meaningful  information  from  the  analysis.  Even  restricting  the 
statistics  to  a  single  overall  incidence  rate  for  each  decompression  schedule 
stretches  the  data  very  thin  in  several  places.  Despite  these  limits  we  have 
calculated  the  incidence  of  decompression  sickness  for  each  air  decompression 
schedule.  These  statistics  are  the  best  possible  given  the  data  presently 
available.  We  have  also  attempted  to  evaluate  the  effects  of  exposure  pressure 
and  time  on  decompression  risk  by  grouping  data. 
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Results 


The  search  of  the  Navy  Safety  Center  diving  data  bank  produced 
16,167  dives  in  which  air  decompression  schedules  had  been  reported 
as  being  used.  This  number  is  for  a  period  of  approximately  7  years 
and  amounts  to  2,310  decompression  dives  per  year  or  9  per  work  day 
(calculation  based  upon  261  work  days  per  year).  The  16,170  decompressions 
have  resulted  in  202  cases  of  decompression  sickness  for  an  overall  incidence 
rate  of  1.25%.  This  means  that  the  U.S.  Navy  can  on  average  expect  about 
one  case  of  decompression  sickness  every  8  or  9  working  days.  Figure  1  shows 
the  depth/ time  exposure  combinations  that  are  covered  by  the  air  decompression 
schedules.  Also  shown  are  schedules  actually  used  by  the  fleet  and  the 
schedules  for  which  there  have  been  reported  cases  of  decompression  sickness. 

It  is  apparent  that  the  fleet  is  only  using  a  fraction  of  the  air  decompression 
schedules  available  to  them.  Generally  they  are  using  the  ones  for 
short  duration  exposures.  The  actual  figures  associated  with  each 
decompression  schedule  are  shown  in  Table  1  (provided  in  the  Appendix) . 

If  one  concentrates  on  those  exposure  depths  and  times  that  have  at 
least  100  dives  or  more  (Table  2  in  the  Appendix) ,  the  relationships 
shown  in  Figs.  2  and  3  result.  There  appears  to  be  very  little  difference 
(p  =  .10)  among  the  decompression  schedules  for  various  exposure  pressures 
(depths);  the  incidence  of  decompression  sickness  is  roughly  the  same 
across  all  exposure  pressures.  The  same  does  not  appear  to  be  true  for 
the  schedules  for  various  exposure  times  (p  =  .03).  Decompression  schedules 
for  longer  exposures  do  not  appear  to  be  as  adequate  as  those  for  short 
exposures.* 

During  the  past  7  years,  only  43  of  the  295  air  decompression 
schedules  in  the  U.S.  Navy  Diving  Manual  have  been  used  more  than  100 

*Statistical  significance  of  the  correlation  coefficients. 
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Fig.  '3.  The  relationship  between  exposure  time  and  the  incidence  of 
decompression  sickness  on  the  L.S.  Navy  air  decompression  schedules. 


times  (marked  by  asterisk  in  Table  1).  The  average  incidence  of  decom¬ 
pression  sickness  on  these  43  schedules  is  1.1%,  slightly  less  than  the 
overall  incidence.  The  highest  incidence  level  (4.8%)  is  for  the  100  ft 
for  60  min  table.  If  we  confine  our  analysis  to  these  43  decompression 
schedules  and  calculate  our  statistics  based  upon  the  total  number  of 
dives  actually  made  on  all  of  these  schedules  together,  we  obtain  what  is 
probably  the  best  picture  of  the  adequacy  of  the  U.S.  Navy's  air 
decompression  procedures. 

Discussion 

It  is  apparent  that  the  majority  of  the  U.S.  Navy's  experience 
with  air  decompression  is  for  short  duration  exposures  (Table  2) .  This 
type  of  exposure  is  generally  adequate  for  the  routine  type  of  diving  now 
being  done.  For  a  major  salvage  job  or  underwater  construction  project, 
however,  long  exposures  will  be  needed.  Results  of  this  analysis  suggest 
that  we  might  have  some  difficulty  with  these  longer  exposures.  The  statis¬ 
tics  are  sketchy  and  the  experience  limited,  but  the  trend  toward  a  higher 
incidence  of  decompression  sickness  with  longer  exposures  is  there  (Fig.  3). 

Four  air  decompression  schedules  appear  to  be  producing  a  statistically 
significant  (p  ^  .05)  higher  incidence  of  decompression  sickness  than 
what  might  be  expected  by  chance.  The  four  tables  are: 


Depth/Time 

Incidence  (%) 

P 

100/60 

4.8 

.001 

130/20 

3.9 

.007 

140/30 

3.1 

.038 

150/15 

3.4 

.021 

These  schedules  have  been  evaluated,  but  there  does  not  appear  to  be 
anything  unique  about  them.  They  all  have  substantial  initial  ascents 
to  the  first  stop,  but  so  do  a  lot  of  other  schedules.  There  is  a  slight 
relationship  between  the  number  of  dives  done  on  a  schedule  and  the 


incidence  of  decompression  sickness.  Because  the  number  of  dives  done 
on  these  four  schedules  is  relatively  low  the  significant  results  may  be 
nothing  more  than  a  function  of  small  sample  size. 

The  results  of  this  analysis  leave  one  with  two  distinct  impressions: 
1)  there  are  a  very  limited  number  of  air  decompression  schedules 
that  are  actually  being  used  with  any  regularity;  and  2)  the  overall 
incidence  of  decompression  sickness  on  the  U.S.  Navy's  air  decompression 
tables  is  very  low.  The  only  consistent  trend  that  has  been  identified 
is  the  increase  in  "bends”  incidence  associated  with  exposure  time. 

If  this  trend  persists  it  might  be  worth  exploring  in  more  detail  through 
the  medical  research  program. 
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Table  1.  U.S.  Navy  Air  Decompression  Schedules  and  their 

Associated  Risk 

Table  2.  Number  of  Dives  at  each  Schedule  Depth  and  Time 
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